Background. The long-term outcomes of kidney transplantation are suboptimal because many patients lose their allografts or experience premature death. Cross-country comparisons of long-term outcomes of kidney transplantation may provide insight into factors contributing to premature graft failure and death. We evaluated the rates of late graft failure and death among US and Spanish kidney recipients. Methods. This is a cohort study of US (n = 9609) and Spanish (n = 3808) patients who received a deceased donor kidney transplant in 1990, 1994, 1998 or 2002 and had a functioning allograft 1 year after transplantation with follow-up through September 2006. Ten-year overall and death-censored graft survival and 10-year overall recipient survival and death with graft function (DWGF) were estimated with multivariate Cox models. Results. Among recipients alive with graft function 1 year after transplant, the 10-year graft survival was 71.3% for Spanish and 53.4% for US recipients (P < 0.001). The 10-year, death-censored graft survival was 75.6 and 76.0% for Spanish and US recipients, respectively (P = 0.73). The 10-year recipient survival was 86.2% for Spanish and 67.4% for US recipients (P < 0.001). In recipients with diabetes as the cause of ESRD, the adjusted DWGF rates at 10 years were 23.9 and 53.8 per 1000 person-years for Spanish and US recipients, respectively (P < 0.001). Among recipients whose cause of ESRD was not diabetes mellitus, the adjusted 10-year DWGF rates were 11.0 and 25.4 per 1000 person-years for Spanish and US recipients, respectively.
Introduction
Kidney transplantation is the treatment of choice for end-stage renal disease (ESRD) [1] . However, more than 80% of ESRD patients are treated with maintenance dialysis because of organ shortages and other factors [2] [3] [4] . Studies have shown marked differences in the demographics and case mix of patients admitted to dialysis treatment centers across countries in the industrialized world [5] . Cross-country differences have also been demonstrated in the practice patterns of ESRD management in the dialysis setting as well as patient outcomes [6, 7] . Differences between countries in kidney transplantation outcomes and practice patterns have been less well studied.
Premature failure of a renal allograft and the consequent need for retransplantation aggravates organ shortages [8] . Long-term allograft survival has not improved significantly since the early 1990s, which contrasts sharply with the remarkable improvement in short-term outcomes, such as reduction in the rates of acute rejection and increases in 1-year patient and allograft survival [9] [10] [11] . The few cross-country studies of renal transplantation suggest that clinical outcomes are inferior in the USA compared with Canada, Australia-New Zealand and the UK [12, 13] . To better understand these differences in long-term outcomes, the current study compared kidney transplant recipients and outcomes in the USA and Spain at four time points during a 12-year period.
Methods

Sources of data
The data on US kidney transplant recipients were obtained from the Scientific Registry of Transplant Recipients (SRTR). All US kidney transplant programs and organ procurement organizations are mandated to submit data on transplant candidates, recipients and organ donors to the Organ Procurement and Transplantation Network at waiting list registration, transplant, 6 and 12 months after transplant, and annually thereafter; these data become the SRTR [14] . Data for the Spanish recipients were collected from individual transplant centers participating in the Spanish Chronic Allograft Nephropathy (CAN) Study Group, which comprised 34 out of 38 adult kidney transplant centers in Spain and 96% of all adult kidney transplant recipients in Spain who were alive with a functioning graft at 1 year after transplant, during the studied years (1990, 1994, 1998, 2002) [15, 16] . The Spanish study was designed to determine the risks and causes of late graft loss from chronic allograft nephropathy. Data were collected on each recipient at 1 year following transplantation and annually thereafter. At the time of enrolment in the Spanish CAN Study, baseline donor and recipient information and transplant events that occurred from transplant to the end of year one were also collected. Data were then collected prospectively, beginning from transplantation in the US cohort and 1 year after transplantation in the Spanish cohort. Mortality determination in US recipients was supplemented with the Social Security Death Master File, and data on graft failure were supplemented with return to dialysis from Medicare files [14] . The quality of the Spanish dataset was verified by an audit of source documents at each of the participating transplant centers with 10% of data points randomly audited at each transplant center. In both the US and Spanish data, delayed graft function was defined as the need for at least one dialysis treatment during the first week after transplantation. Renal allograft function was calculated from the serum creatinine measurement using the abbreviated Modification of Diet in Renal Disease Study (MDRD) equation [17] .
Study population
Patients who received a deceased donor kidney transplant during 1990, 1994, 1998 and 2002 and survived with graft function to the first transplant anniversary constituted the study population from which our analysis sample was drawn. These years were chosen because of the Spanish CAN Study design, the original aim of which was to evaluate changes in kidney transplantation in Spain over time. Patients were excluded from the analysis sample if they were under the age 18 years at transplant; received multi-organ or double kidney transplants; had a previous organ transplant (any organ); or were positive for hepatitis B. Since most recipients and donors in Spain were of white race, the US study cohort was further restricted to white recipients of kidneys from white donors. The final sample had 9609 US and 3808 Spanish recipients.
Statistical analysis
Bivariate comparisons were evaluated using the χ 2 test for proportions and the t-test for means. Multivariate Cox regression models were used to estimate graft and patient survival, conditional on the recipient having survived with a functioning graft 1 year after transplant. Adjustment covariates for all survival analyses included donor factors [age, sex, hepatitis C (HCV) serologic status and cause of death]; recipient factors [sex, HCV serologic status, body mass index (BMI), cause of ESRD, time on dialysis and peak panel reactive antibodies (PRA) level]; recipient and donor HLA-ABDR mismatch; cold ischemia time; antibody induction therapy; calcineurin inhibitor and sirolimus treatment at discharge from initial transplant hospitalization; any acute rejection during the first year after transplant; and delayed graft function.
Three sets of multivariate Cox regression models were used to estimate survival: (i) an unstratified model with an indicator for country, evaluated at the mean of the covariates of the whole sample (both countries combined); (ii) a model stratified by country and evaluated at each country's own covariate means and; (iii) two separate country models, which allowed the covariates to have different effects in each country, evaluated at each country's mean covariates. Results of the three models were similar. Graft survival was modeled in two separate analyses; one that treated death with a functioning graft (DWFG) as a graft failure event (graft survival) and one that censored the survival time at death if the graft was still functioning (death-censored graft survival). Graft survival time in both cases was calculated as the number of days from transplant to the date of graft failure as reported by the center, re-initiation of maintenance dialysis, retransplant, death or the end of the study. The difference for death-censored graft survival is that the recipient is not counted as having a graft failure if their kidney was functioning at the time of death; he or she just no longer contributes information to the model after their date of death. In addition to estimating the overall risk of death, we also estimated the risk of DWFG, defined as death that was not preceded by initiation of maintenance dialysis or center-reported graft failure. In all cases, our study variables are to be interpreted as survival to a given follow-up interval, such as 10 years after transplant, among recipients who have survived with a functioning graft for at least 1 year following transplant, rather than all transplant recipients.
This study is reported in accordance with the guidelines set forth in the STROBE statement [18] .
Results
Donor and recipient characteristics
Transplant recipients and deceased donors differed between the USA and Spain in many ways ( Table 1 ). The USA had younger donors than Spain, with a median age of 34 years compared with 43 years in Spain; 77% of kidney grafts in the USA were from donors under age 50 compared with 60% for Spain (P < 0.001). Donor death due to cerebrovascular accident was more prevalent in Spain than in the USA (43 versus 37%, P < 0.001). While the median age of transplant recipients in both countries was similar (48.4 and 49.0), the USA had a lower fraction of transplants going to recipients under age 35 than Spain (17 versus 21%, P < 0.001) and a greater fraction going to recipients 70 or older (3.5 versus 1.7%, P < 0.001). Recipients with a BMI of 25 or higher accounted for 23 and 38% of transplants in Spain and the USA, respectively (P < 0.001); however, BMI was not reported for a substantial number of recipients (45 Spain, 29% USA, P < 0.001). US recipients were more likely to have low PRA levels (<10%) at transplant (85 versus 74%); zero HLA-ABDR mismatches (16 versus 3%); transplantation preemptive of dialysis treatment (8 versus 2%); and <6 years on dialysis prior to transplantation (95 versus 90%, all comparisons P < 0.001). For transplants performed in 1998 and 2002 (when HCV data were collected in the USA), Spanish recipients were more likely to have positive HCV serology than US recipients (4.3 versus 1.8%, P < 0.001). The most striking difference between the countries was in the primary cause of ESRD. The two countries had a similar fraction of recipients with 214 A. O. Ojo et al. Kidney transplant outcomes in the USA and Spainglomerular diseases (P = 0.20) and polycystic kidney disease (P = 0.83). However, a much larger proportion of US transplant recipients had diabetes (24 versus 6%, P < 0.001) and hypertension (13 versus 7%, P < 0.001) as the underlying causes of ESRD.
Cold ischemia time, graft function, acute rejection and immunosuppression
While mean cold ischemia time for the allograft was similar in both countries (21 and 19 h), 34% of US , P = 0.12) and remained the same among survivors at annual follow-up reports through 5 years after transplant. The rate of acute rejection during the first year after transplant was lower for US recipients (24%) than Spanish ones (26%, P = 0.01), with a larger difference for the most recent cohort. For transplants in 2002 (n = 955 Spain; n = 2231 USA), induction therapy with either a non-depleting anti-CD25 monoclonal antibody or a depleting antithymocyte polyclonal antibody was employed for 64% of US recipients and 36% of Spanish recipients (P < 0.001). In 2002, tacrolimus was the most commonly used calcineurin inhibitor in both Spain (59% tacrolimus versus 26% cyclosporine, P < 0.0001) and the USA (54% tacrolimus versus 30% cyclosporine). A calcineurin inhibitor-based maintenance immunosuppression regimen was used for most Spanish and US recipients (85 and 84%, P = 0.48). Data on immunosuppression prior to 2002 reflected similar distribution of older immunosuppressive drugs in use at that time (data not shown).
Graft survival
For graft survival, and separately for death-censored graft survival, a Cox regression model was fitted to the combined sample of US and Spanish recipients, modeling graft survival through the end of the study (1 September 2006), which was then evaluated at 3, 5 and 10 years after transplant using each country's mean covariate values. The hazard ratio for graft failure when DWFG is treated as a graft failure was 1.90 for the US relative to Spain (P < 0.001). The adjusted graft survival at 10 years after transplant was 71% for Spanish and 53% for US recipients (P < 0.001). Figure 1 shows the graft survival by diabetes status (diabetic or non-diabetic, based on documentation, as the underlying cause of ESRD). In both countries, non-diabetic recipients had better graft survival than diabetic recipients; the USA had lower survival in both groups. When DWFG was censored in the graft survival analysis rather than treated as graft failure (death-censored graft survival), the hazard ratio for the USA relative to Spain was much smaller (1.19, P = 0.001). The 10-year adjusted graft survival was 75.6% for Spanish recipients compared with 76.1% for US recipients (P = 0.69). Figure 2 shows adjusted 10-year death-censored graft survival by diabetes status. The adjusted 10-year death-censored graft survival in non-diabetic recipients was 76% in Spain and 77% in the USA (P = 0.30) and was 72% in Spain and 73% in the USA for diabetic recipients (P = 0.45). Since recipients with diabetes are known to be at higher risk for graft failure and are disproportionately represented in the US cohort (24 versus 6%), we reproduced the survival analyses using a sample that excluded recipients with ESRD due to diabetes mellitus from both cohorts. Results for non-diabetics were the same.
Patient survival, death with graft function and cause of death
During the period under study, 37% of US recipients and 12% of Spanish recipients died (P < 0.001). The hazard ratio for risk of death for the USA compared with Spain was 2.35 (P < 0.001). The 10-year patient survival was 86% in Spain and 67% in the USA (P < 0.001). Survival estimates by diabetes status are shown in Figure 3 . In addition to this model of overall risk of death, we also estimated a model for the risk of death with a functioning graft. The hazard ratio of death with a functioning graft for the USA relative to Spain was 2.31 (P < 0.001). Table 2 shows the adjusted rates per 1000 person-years of DWFG by diabetes status.
Discussion
Spanish recipients had better overall graft and patient survival compared with US recipients in this study, which combined data from the USA and Spain and defined the covariates the same way in both countries. These results are consistent with previous studies comparing the USA to Canada, the UK and Australia-New Zealand [12, 13] .
Estimates of overall graft survival [death with graft function (DWGF) treated as graft failure] and death-censored graft survival yielded similar values of 10-year survival for Spain −71% (death as graft failure) and 76% (deathcensored), while the estimates for the USA were quite different −53% (when DWGF was treated as graft failure) and 76% (death-censored graft survival). The underlying causes of these differences cannot be elucidated from the available data. A notable difference between the US and Spanish study cohorts is the underlying cause of ESRD among the transplant recipients in the current study. Over one-third of the US cohort had either diabetes or hypertension as the cause of their ESRD (36.8%) compared with oneeighth of the Spanish cohort (12.8%). Both of these causes of ESRD are associated with substantial comorbidities, including CVD, which was the leading cause of death for both cohorts. Owing to the lack of data on CVD, blood pressure, hemoglobin A1C, cholesterol and other co-existing complications of diabetes in the US registry data, it was not possible to account for these important explanatory covariates in the analysis of DWGF. Thus, a complete profile of the differences between the two countries in the overall health status of the patients at the time of transplantation was not evaluable. Although US kidney transplant recipients in this study had higher mortality compared with Spanish kidney transplant recipients, there are potentially contributory stark differences in the mortality rates in the general population and in the ESRD population between the countries [19] [20] [21] [22] . For example, annual mortality rates among dialysis patients were between 20.9 and 22.7% in the USA and 13.0-14.0% in Spain during the study years (P < 0.01) [19] [20] [21] . As depicted in Table 1 , there was also a difference in the total ESRD time prior to transplantation which was 2.2 ± 2.2 years for US recipients and 2.7 ± 2.9 years for the Spanish recipients (P < 0.001). There are also differences between the countries with respect to access to both general medical care and immunosuppressive medications in the late post-transplant period [23] [24] [25] [26] . Data suggest that US kidney transplant recipients are more vulnerable to medical noncompliance and increased risk of graft loss when access to Medicare immunosuppressive drug coverage is automatically terminated at 36 months after transplant (unless the recipients can establish Medicare eligibility on grounds of age or disability) [27] [28] [29] . The combination of restricted access to care, the loose long-term connection to transplant care providers and the economic burden of out-of-pocket medical expenses places the average US kidney transplant recipient at a great disadvantage in receiving the medical management necessary for optimal long-term post-transplant outcomes.
The current study was limited by non-uniform data collection methods across the two countries and the inability to verify the cause of death in the Spanish cohort. In addition, data on important variables (e.g. HCV serologic status) were missing in a significant minority of recipients, which could have biased the estimation of the effect of the covariate with the missing data.
In conclusion, this study reinforces the fact that successful kidney transplantation is still associated with a relatively high rate of long-term mortality. The cross countries differences in late post-transplant outcomes shown in this study have been documented in many studies that examined outcomes between countries. The contribution of variabilities in practice pattern and country-specific transplant recipient populations can be elucidated only in a prospective study of appropriation duration. Such a study may inform best practices to prolong survival of both kidney allografts and their recipients.
